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CD44 is a principal cell-surface receptor for hyaluro-
nate and is found on a wide variety of cells. CD44 
plays an important role in lymphocyte homing, lym-
phohemopoiesis, and T -cell activation as well as in 
cell motility and migration. CD44 is expressed on the 
cell surface of epidermal Langer hans cells (LC), and is 
one of the candidates for molecules that are involved 
in the migratory capability of LC, but little is known 
about its regulatory properties. We examined the 
modulatory effects of tumor necrosis factor (TNF)-a 
and interleukin (IL)-10 on the CD44 expression in LC. 
We found 1) that TNF-a significantly up-regulated 
C D4. 4 is expressed by lyn.lphocytes and other hema-topoietic or mesodermal cells and is implicated in lymphocyte homing, lymphobemopoiesis, and T-cell activation [1-3] . Recent studies have proved that CD44 is the principal cell-surf:lce receptor for 
hyaluronate [4] . CD44 has been suggested to be closely associated 
with actin filaments through its cytoplasmic domain and to play an 
important role in cell motility and migration [3,5]. CD44 is also 
involved in internalization and degradation of hyaluronate [6] . 
Epidennal Langcrhans cells (LC) are !a-bearing and antigen-
presenting dendritic cells that subserve a crucial role in initiation of 
primary and secondary T-ecH-dependent immune response both;, 
vitro and ;, 11i11o (7-9] . Like other hematopoietic cells, LC express 
CD44 on the cell membrane (10], but little is known about CD44 
expression regulation in LC. Recent studies have shown that the 
function and phenotypic properties of LC are susceptible to various 
cytokines including tumor necrosis factor (TNF)-a and interleukin 
(IL)-10 [11-13]. ln this study, we examine the modulatory role of 
TNF-a and IL-10 on the CD44 expression in LC and demonstrate 
that the expression of CD44 is up-regulated by TNF-a and 
down-regulated by IL-10 in LC. 
MATERlALS AND METHODS 
Animals Eight- to twe lve-week-old C3 H /I-le N female mice were ob-
tained from Shizuoka Agricultural Cooperative Association for Laboratory 
An.imals, 1-lamamatu , Japan. 
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Abbreviation: MFI, mean fluorescence intensity. 
the expression ofCD44 in a concentration-dependent 
manner, 2) that IL-10 down-regulated the expression 
of CD44 in a concentration-dependent manner, 3) 
that the effect of TNF-a or IL-10 was readily detect-
able as early as 24 h after the initiation of culture, and 
4) that the simultaneous addition ofTNF-a and IL-10 
mutually neutralized the effect of each other. These 
data suggest that in the epidermal microenvironment 
the expression of CD44 in LC may be reciprocally 
regulated by TNF-a and IL-10, both of which are 
known to be produced by surrounding keratinocytes. 
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Complete Medium and Reagents Complete m edium used was 
RPMI1640 supplemented with 10% fetal bovine serum (Gibco, Grand 
Island , NY), 100 U/ml penicillin, 100 J.tg/ml streptomycin, 0.25 J.tg/ml 
amphotericin B, and 5 X 1 o-s M 2-mercaptoethanol. Anti-mouse CD44 
monoclonal antibody (clone, 1 M7; Ra t lgG2b), phycoerythrin (PE)- con-
jugated anti-1-Ak (clone. 11-5.2; Mouse lgG2b) , and purified rat lgG2b 
were pmchased from Pharmingen, San Diego, CA. PE-cOJ~jugated anti-
Leu-M5 (clone, SJ-IC-L3; mouse lgG2b) was obtained from Becton Dick-
inson, San j ose, CA. Fluorescein isothiocyana te (FITC)- conjugated do nkey 
anti-rat lgG (code number 712-095-153) was obtained from the Jackson 
Co .. West Grove, PA. Murine recombinant TNF- a was obtained from 
Genzyme, Cambridge , MA. Murine recombinant JL-1 0 was purchased from 
Pharmingen . Human recombinant IL-1 a, human recombinant IL-1 {3. mu-
rine rcco1nbinant fL-3, n1urinc rccotnbinant fL-4, and n1urine recon1binant 
IL-7 were purchased from Beckton Dickinson, Bedford, MA. Murine 
rccornbinant JL-2, n1urinc reco1nbinant IL-5 , nn1rinc rccon1binant IL-6. 
murine recombinant interferon (IFN)-y, and murine recombinant granulo-
cyte-macrophage colony-stimulati ng f:tctor (GM-CSF) were obtained from 
Genzymc. Type XI trypsin , bovine serum album.in, and sodium azide 
(NaN3) were obtained from Sigma, St. Louis, MO. 
Preparation of epidermal cell suspension Mouse car skin was incu-
bated in a 0.5% trypsin phosphate-buffered saline (PBS) solution for 30 min 
at 3 7°C to separate the epidermis from the underlying dermis. T he 
epide rmal sheets were further treated with O.OS'X. DNase for 20 min and 
agitated gently, and tl1e epidermal single-cell suspensio n was obtained after 
filtration with sterile n ylon mesh to remove hair and stratum corneum. The 
viabil.ity of epidermal cell s was always greater tl1an 90'Yu. 
Effect ofTNF-a or IL-10 on the Viability ofLC The epidermal cells 
(1 X 107 cc lls/4 m l/well) were cultured in six-well plates (Corning) with 
medium only. TNF-a (1000 U / ml), or IL-10 (10 ng/ml) at 37°C, and 
non-adherent ce lls were harvested 72 h later. The vast majority of LC were 
recovered from the non-adherent cell population as has been reported 
previously (1 4]. The number (mean ::': SO) ofLC was directly enumerated 
b y their dendritic morphology with a hemocytometer as assessed by trypan 
blue dye exclusion . The number of LC o btained from 1 X 107 epidermal 
ce ll s after 72 h culture was 2.2 ::': 0.5 X 1 0'1 ce lls in culture with m edium 
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only, 2.3 :<:: 0.4 X '1 0"' cell s in cul ture with TNF-cr (1000 U/ ml) , and 2.1 :<:: 
0.6 X 104 ce lls in cul ture with IL- ·1 0 (1 0 ng/m l), the yield of which was not 
statistically signifi cant. The \' iability of LC was always more than 95'!10 . 
Effect of TNF-a or IL-10 on CD44 Expression in Ia+ LC T he 
epiderm:tl ce lls (2 to 3 X 'I O'' cells/ml/well) were cultured in 24-well p lates 
(Corning) at 37"C for 72 h with o r w ithout vario us concen tratio ns of 
TNF-cr (10-1000 U/ ml ) and IL-10 (0.1-10 ng/ml). T he non-adherent cell 
population was harvested and do uble-sta ined with anti-C D44 and anti-1-A k 
an tibod ies and was then analyzed by flow cytomctry. In some experiments, 
the ep ide rmal cell s were cultured with other cytokines including IL-l er 
(1 0 U / ml), IL-l/3 ( l 0 U/ml), IL-2 (1 00 U/ ml), IL-3 (1 00 U/ml) , IL-4 (1 00 
U / ml), IL-5 (1 00 U / ml), lL-6 (100 U / ml), IL-7 (100 ng/ ml) , lFN-)1 
(500 U / ml), and GM-CSF (50 U/ml), and the efrccts of these cycokines on 
CD44 express ion were corn pared with those of TN F-a and lL- 1 0. T he 
optimal concen trations of these cytokines were determined according to the 
111 a n u f.1ct urcr' s reco n1111 C11da tio ns. 
ltnmunostaining and Fluorescence-Activated Cell Sorter Analysis 
of Ia + LC T he non-adherent epidermal ce ll s were incubated with 
anti-CD44 antibody or control r<lt lgG2b for 30 min on icc, washed using 
PBS supplemented with 1% bovine serum albumi n and 0. 1"/co NaN3 three 
times , and then incubated w ith FlTC-conjuga ted donkey anti-rat lgG for 30 
min on ice . After washing, the cells were furth er incubated with PE-
conjugatcd anti- 1-A k o r contro l PE-conjugated anti-Leu-MS antibody fo r 
30 min on ice. T he stai ned cell s were analyzed using FACScan (Beckton 
D ickinson). Mean fluorescence in tensiry (MFI) of C D44 expression was 
determined in 1-A + LC, and the effects o f cytokines were evalua ted by 
percentage modulation as c:1lcul:1 ted using the fo llowing fo rmula : 
percentage modulation 
(
M Fl o f LC MFl of LC ) 
= treated with cytokin e - treated with medium OJtl y 
MFl of LC tre:1ted with medium onl y 
X 100%. 
Contro l iso type-matched antibodies and omission of primary, secondary, or 
tertiary antibodies always showed negative resu lts. FlTC-conjugated don-
key anti-rat lgG did not cross-react to mouse lgG2b. Neither TNF- cr no r 
IL- 1 0 affected the rcactiviry of con1J·o l an tibodies with epidermal ce lls 
compared with medium onl y. 
Effect of TNF- a or IL-l 0 on the Time Conrse of CD44 Expression 
The epidermal cell s (2 to 3 X 1 01' cdls/ml/well) were cul tured for 24, 48 , 
and 72 h with medium only, TN F-a (1000 U/ ml), or IL-1 0 (1 0 ng/ ml). T he 
non-adheren t cell population was harvested and double-stained with anti-
CD44 and a11ti-l-A " antibodies ;md was then analyzed by fl ow cy tometry. 
Regulation ofCD44 by Simultaneous A ddition ofTNF-a and IL-10 
Epidermal cell s (2 to 3 X 1 O'' cells/ml / well ) were cultured with medium 
o nl y, TNF-cr (1000 U/ml), l l- 10 (10 ng/ m l), or TNF-cr + lL-1 0. T he 
non-adherent cell population was harvested and do ub le- stained with :ln ti-
CD44 and anti- l- Ak :1n tibodies and was then analyzed by flow cytometry. 
Percentage inhibition w:1s calcu lated using the fo llowing fo rmula : 
percentage inhibi tion 
(
MFl ofCD44 in LC MFl o f C D4 4 in LC ) 
= treated with one cytokinc - trea ted with two cytokines 
M Fl of C D44 in LC treated M Fl of C D44 in LC X 1 OO'Y,,. 
w ith one cy tokine - trea ted with medium 
Statistical Analysis T he Studen t t test was used to compare results. A p 
va lue of less than 0.0 ·1 was considered to be signifi can t. 
R ESULTS 
CD44 Expression Is Up-Regulated by TNF- a and Is Down-
Regulated by IL-10 in a Concentration-Dependent M anner 
T h e epide rmal cell s were culture d w ith m e dium o nly o r with 
va ri o u s con cen tration s ofTNF- a and lL-1 0 for 72 h, and the CD44 
exp t·essio n was assessed in 1-A + LC. As sh own in Fig 1 and Fig 
3B,C, the expressio n of CD44 was sig n ificantly up-regul ated by 
T NF-a in a concentratio n -dependent manne r. The up-regula to ry 
e ffect ofTNF-a was reproducible, and the p e rcen tage modulation 
ofCD44 expressio n by T N F-a (1000 U / ml) ran ged from +36. 5 to 
+ 137 .6% (mean ± SD = +74 .1 ± 35.9%, n = 8) after 72 h culture 
w h e n compare d to th at of LC treated with m edium o nly. In 
contrast, IL-1 0 slightly but signifi cantly inhibite d the CD44 expres-
sion of LC in a con centration-de p e nde nt m anne r [percen tage 
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F ig ure 1. Concentration-dependent up-regulation of CD44 ex-
pression by TNF-a in LC. The epidermal cells (2 to 3 X 106 cells/mil 
well) were cultured for 72 h with 111 ediun1 o nly o r with vario us concentra-
tions ('I 0-1000 U / ml) o f T N F-a . T he non-adherent cell population was 
harvested and doublc-sta.ined w ith an ti-CD44 and an ti-1-A antibodies and 
was then analyzed by flow cytomctry. Data arc representative of three 
experiments. T he flu orescence intensity was depicted by mean ::':: SD (lwr) . 
** p < 0.001. ***p < 0.0001 compared to medium con trol. 
modu lation (mean ::':: SD) = -29.1 ::':: 6 .9'!/c,, n = 7] (Fig2 and Fig 
3B,D). T h e modulatory effect of TN F- a and IL-1 0 o n CD44 
expression was n ot like ly to b e attribu ta b le to the v iabili ty of LC, 
b ecau se both TNF-a and IL-10 did n ot significantly afFect th e yield 
and via bili ty of LC (see l\!Jnterinls and Methods) . Moreover, both 
cytokines did not afFect the expression of I-A in LC (data not 
sh own). I t sh o uld be m e ntione d that th e n o n-adherent cel.l s 
con tain ed a sm all p ercentage (0 .5 to 3%, n = 8) of I- A - CD44 + 
cells (Fig 3 , lower right area of FACS an a lysis). Experime nts of 
double lab e ling with anti-Th y- 1.2 and an ti- C D44 antibodies 
p roved that these cells w e re composed of T h y-1 hi ~,: h + dendritic 
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Figure 2. Concentration- dependent down-regulation of CD44 ex-
pression by IL-10 in LC. T he epidermal cells were cultured for 72 h with 
medium o n.l y or with vario us concen trations (0 . .1 -1 0 ng/ ml) of IL-1 0. T he 
non-adherent cell population was harvested and dou ble-stain ed with anti-
C D4 4 and an ti-1-A antibodies and was then analyzed by flow cytometry. 
Data arc rep resentative of four cxpcrin1 cnts. T he fluorescence intensity is 
shown as mean ::':: SD (bar). *p < 0.0 1, **p < 0.001 compared to medium 
con trol. 
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Figure 3. Representative fluorescence-activated cell sorter analy-
sis of CD44 expression in LC. Epidennal ce lls were cultured for 72 h 
with medium only (A,B), 1000 V / ml ofTNF-a (C), or 10 ng/ml oflL-10 
(D). The non-adherent cell population was harvested and double-stained 
with anti-CD44 and anti-1-A antibodies (B,C,D) or isotype-matched con-
trol antibodies (A) and was then analyzed by Aow cytometry. TNF-a 
up-regulated the expression of CD44, and IL-1 0 down-regulated its 
expression. 
epiderma l cells and Thy-1 1ow + floating non-viable keratinocytes 
(our unpublished observation). Both TNF-a and IL-10 had a 
tendency to decrease the number of I-A- CD44 + cells. 
We next examined the effects of other cytokines including 
IL-la, IL-1{3, IL-2, IL-3, IL-4 , IL-5, IL-6, IL-7, interferon-)', and 
GM-CSF. Although the epidermal cells were treated with only a 
single concentration of these cytokines (see Mnte1inls n11d Methods), 
none of the cytokines except IL-l a and IL-1,13 exhibited a consis-
tent effect on CD44 expression (data not shown) . A slight augmen-
tation ofCD44 expression was observed in the presence of10 U/ml 
oflL-1a [percentage modulation (mean ± SD) = +25. 5 ± 3 .1 %, 
n = 3] and by 10 U/ml ofiL-1/3 [percentage modulation (mean ± 
SD) = +16.5 ± 11.3'Yu, n = 3] . 
Time Course of CD44 Expression in the Presence or Ab-
sence ofTNF-a and IL-10 Epiderma l cells were cultured with 
TN F-a (1000 U/ml), IL-10 (10 ng/ml), or medium only for 24, 48, 
or 72 h, and kinetic expression of CD44 was compared. Tlus 
time-course experiment disclosed that the expression of CD44 
graduaLly increased during the culture with medium alone (Fig 4) . 
The enhancing effect ofTNF-a and the inhibitory effect ofiL-10 on 
CD44 expression were readily observed even at 24 h after the 
i11itiation of culture in two independent experiments (percentage 
modulation at 24 h, TNF-a, +46'11> and +35.7%; IL-10, -37% and 
-33.9%) (Fig 4). 
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Figure 4. Effects of TNF-a and IL-10 on the t ime course of CD44 
expression in LC. Epidermal cells were cultured with m edium only, 
TN F-a (1 000 U/ml), or IL-1 0 (I 0 ng/rnl) for 24, 48, or 72 Iu-s double-
stained with anti-CD44 and anti-1-A antibodies, and then analyzed by Aow 
cytometry. Data are representative of two expc.-iments. The f:luorescence 
intensity was depicted by m ean :!: SO (bnr). ***p < 0.0001 compared to 
medium control. 
TNF-a and IL-10 Neutralize the Effect of Each Other We 
next examined whether the up-regulatory effect of TNF-a and 
down-regulatory effect of IL-10 can neutralize each other. The 
epidermal cells were incubated with medium only, TNF-a (1000 
U/ml), IL-10 (10 ng/ml) , or TNF-a + IL-10 for 72 h, and CD44 
expression was assessed in I-A + LC (Fig 5). The simultaneous 
addition of TN F-a and IL-1 0 consistently and almost completely 
abrogated the TNF- a -induced up-regulation or IL-10 -induced 
down-regulation of CD44. In two independent experiments, the 
percentage inlubition by IL-1 0 on TNF-a-induced CD44 up-
regulation was 100% and 112%, whereas the percentage inhibition 
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Figure 5. TNF-a and IL-10 neutralize each other. Epidermal cells 
were incubated with medium only, TNF-a (1000 U / ml), IL-10 (10 ng/ ml) , 
or TNF-a + IL-1 0 for 72 h, and CD44 expression was assessed in 1'-A + LC. 
The simultaneous addition of TN F-a and IL-10 consistently and almost 
completely abrogated the TNF-cx-induced up-regulation or IL-1 0-induccd 
down-regulation ofCD44. Data are representative of two experiments. The 
Auorcscence intensity was depicted by mean + SO (IJnr). *** p < 0.0001 
compared to medium control. 
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by TN F-a on IL-1 0-induced CD44 down-regulation was 99'Yo and 
75%, respectively. 
DISCUSSION 
The present data indicate that the expression of CD44 is recipro-
cally regulated by TNF-a and IL-10 in LC. Taking into consider-
ation that keratinocytes synthesize and secrete both TNF-a and 
IL-10 [15 ,16] , the expression level of CD44 in LC may be 
controlled by the balanced production of TNF-a and IL-10 by 
surrounding keratinocytes in the epidermal milieu . The balanced 
control may be relatively immediate because TNF-a or IL-10 
exerts an enhancing or inhibitory effect within 24 h after the 
initiation of culture. It is important to note that both cytokines have 
no consistent effects on Ia expression of LC. 
The selectiveness ofCD44 regulation by TN F-a and IL-l 0 is also 
supported by our recent findings that both cytokines do not 
significantly affect the expression of H-2K in LC, the expression of 
which is enormously up-regulated by interferon-y under the same 
culture conditions used in this study [17). A wide variety of effects 
of TNF-a have been documented in LC. TNF-a is capable of 
maintaining the viability of LC without inducing their functional 
m;;turation [11] and is reported to be a critical mediator in 
hapten-induced irritant and contact hypersensitivity reactions [12). 
The expression of a6 integrin in LC is induced by TNF-a [18). 
Moreover, intradermal injection of TN F-a induces the subsequent 
accumulation of dendritic cells in the draining lymph nodes, 
suggesting a stimulatory effect of TN F-a on the emigration of LC 
from the epidermis [19). R ecent studies have also provided evi-
dence for the role ofiL-10 on LC function. Enk eta/ have reported 
that pretreatment of LC with IL-10 converts LC from potent 
inducers of primary in1mune responses to specifically tolerizing ceUs 
in 11itro [13]. In this context, it is quite interesting that IL-10 inhibits 
the expression of ICAM-1 a co-stimulatory molecule in LC [17) . 
IL-10 also inhibits hapten-specifi c contact hypersensitivityt and 
anti-tumor immunity ;, 11i11o.:j: Furthermore , IL-10 reduces the 
antigen-presenting function of human LC in allogeneic T-cell 
stimulation [20] . Therefore, the available evidence suggests that 
TNF-a may a ugment the fun ction of LC; in contrast, IL-10 may 
provide a negative signal. Our present data additionally supports 
this notion, because TNF-a up-regulates and IL-10 down-regulates 
the expression of CD44 in LC. As it is speculated that CD44/ 
hyaluronate receptor may play an importan t role in the migration of 
LC, further investigation is necessary to evaluate whether the 
t Enk AH, Saloga J, Becker D, Mohamadzadeh M, Knop J: Induction of 
hapten-specific tolerance by IL-l 0 in vivo (abstr). 1 llwest Derma to/ I 02:545, 
1994. 
:j: Beisscrt S, Grabbe S, Bruvers S, Granstein RD: lntcrleukin-1 0 inhibits 
the functional maturation of Langerham cells for effective presentation of 
tumor associated antigens (abstr). 1 llt11est D en11atol 102:526, 1994. 
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reciprocal regulation ofCD44 by TNF-a and IL-10 is functionally 
involved in the migratory capacity of LC. 
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